ABSTRACT: Sixty growing 3/4 Boer x 1/4 Spanish (BS) and Spanish (SP) wethers were used to determine influences of diet and breed on growth and body composition. A pelleted 50% concentrate diet (CD) and a diet based on grass hay (HD) were fed for ad libitum intake. Six wethers of each breed were slaughtered at 0 wk (total of 12). Six wethers of each diet-breed combination were slaughtered at 14 and 28 wk (24 per time) after consumption of the CD or HD. Initial BW of fed wethers were 21.6 and 18.8 kg for BS and SP, respectively (SEM = 0.7). Average daily gain during the entire experiment was influenced by air (P < 0.05) between breed and diet (199, 142, 44, arid 
ABSTRACT: Sixty growing 3/4 Boer x 1/4 Spanish (BS) and Spanish (SP) wethers were used to determine influences of diet and breed on growth and body composition. A pelleted 50% concentrate diet (CD) and a diet based on grass hay (HD) were fed for ad libitum intake. Six wethers of each breed were slaughtered at 0 wk (total of 12). Six wethers of each diet-breed combination were slaughtered at 14 and 28 wk (24 per time) after consumption of the CD or HD. Initial BW of fed wethers were 21.6 and 18.8 kg for BS and SP, respectively (SEM = 0.7). Average daily gain during the entire experiment was influenced by air (P < 0.05) between breed and diet (199, 142, 44 , arid 50 g/d for BS:CD, SP:CD, BS:HD, and SP:HD, respectively). Carcass mass was greater (P < 0.05) for CD vs. HD (56.2, 56.2, 53.2, and 54.0% of empty BW for BS:CD, SP:CD, BS:HD. and SP:HD, respectively). Mass of the liver (2.11. 1.92. 2.00. and 1.98% of empty BW; SEM = 0.05) and gastrointestinal tract (5.50. 4.83, 8.43 , and 8.36% of empty BW for BS:CD, SP:CD, BS:HD, and SP:HD, respectively; SEM = 0.16) tended (P < 0.07) to be influenced by an interaction between breed and diet. Mass of internal fat (12.2, 12.1, 3.4 . and 3.4% empty BW for BS:CD. SP:CD, BS:HD. and SP:HD, respectively; SEM = 0.3) differed (P < 0.05) between diets. Energy in the carcass (320, 236, 87, and 79 MJ) , noncarcass tissues (318, 237, 77, and 72 MJ) , and empty body (638, 472. 164 , and 150 Mi) ranked (P < 0.05) BS:CD > SP:CD > BS:HD and SP:HD. Empty body concentration of protein was 18.3. 17.5, 18.3, arid 19 .7% (SEM = 0.3) and of fat was 24.0, 23.4, 10.8, and 10.3% for BS:CD. SP:CD, BS:FID, and SP:HD, respectively (SEM = 0.6). Energy concentration in accreted tissue was 17.0, 18.7, 16.3, and 6 .4 MJ/kg for CD:wk 1 to 14, CD:wk 15 to 28, HD:wk 1 to 14, arid HD:wk 15 to 28, respectively (SEM = 1.4). In conclusion, relatively high growth potential of growing Boer crossbred goats with a moderate to high nutritional plane does not entail a penalty in realized growth when the nutritional plane is low. Body composition of growing Boer and Spanish goats is fairly similar regardless of growth rate. For growing meat goats other than with a prolonged limoited nutritional plane, an average energy concentration in accreted tissue is 17.3 1\1,T/kg.
INTRODUCTION
To determine most accurate nutrient requirement expressions, such as use of a NE rather than a ME system, a complete understanding of the composition of tissue being accreted and mobilized is necessary (Sahlu et al., 2004 (Sahlu et al., , 2009 NRC, 2007) . Factors that may influence the composition of tissue being gained include age or tissues. For example, a breed with high growth potential, such as Boer goats, might have restricted production advantages when the nutritional plane is low if the mass of metabolically active and energetically expensive organs and tissues is greater than that of genotypes such as Spanish goats with less growth potential. Likewise, as goats deposit considerable fat internally (Ngwa et al., 2007a) , meat production attributes of Boer goats would he minimized with high nutritional planes if internal fat deposition is considerably greater than by Spanish goats. Therefore, objectives of this experiment were to determine effects and interactions of breed (3/4 Boer x 1/4 Spanish vs. Spanish), age or length of feeding, and diet quality on growth and body composition of growing meat goats.
MATERIALS AND METHODS
The experimental protocol was approved by the Langston University Animal Care Committee.
Animals and &eatments
Thirty 3/4 Boer x 1/4 Spanish (BS) and 30 Spanish (SP) wethers, approximately 4 too of age and weaned 1 mo earlier, were selected for the experiment. Wethers of each genotype were allocated to 5 groups consisting of 6 animals for similar mean BW and variation in BW within group. This was achieved by first ranking the animals within breed from lightest to heaviest. Within groupings of 5, animals were randomly allocated to the groups. Then a small number of animal exchanges were made to increase the similarity among groups in mean BW and variation in BW. Thereafter, the 5 groups for each genotype were randomly allocated to the different slaughter times and diet x slaughter time groupings.
Animals were treated for internal parasites (Valbazen, SmithKline Beecham Animal Health, West Chester, PA). For a 2-wk period all wethers consumed a pelleted 50% concentrate (with wheat middlings considered a concentrate feedstuff) diet (Table 1 ) ad libitum. Feed was offered at approximately 110% of consumption (as fed basis) from the previous day in 1 daily meal at 0800 h. The ME concentration of this diet, as determined by Ngwa et al. (2007a) , was 9.4 MJ/kg of DM. During this time 4 groups of each genotype (total of 48 animals) were placed in six 6.1 x 5.6 in pens fitted with Calan feeding gates (American Calan Inc., Northwood, NH). The pens were in an enclosed building that had a 6.1 x 1.35 m area with a concrete floor next to the Calan gates and a 6.1 x 4.25 m unpaved floor area. There were 4 BS and 4 SP wethers in each pen. The 6 vethers of each group were placed in 3 different pens (2 per pen). The allocation to the 3 pens was random. In this adaptation period, these 48 wethers were trained to the Calan feeding gates. The other groups of BS and SP (1 each) occupied 2 adjacent pens separated by a hallway, with one-half of wethers in each group in each of the Gipson et al. (2006) , which was employed for ad libitum intake of the 50% concentrate diet. At the end of the adaptation period, wether groups in the FIRE feeder pens were used for wk 0 slaughter measures (6 per breed). Wethers in 3 of the Calan feeding gate pens continued to consume the pelleted 50% concentrate diet (CD; Table 1) ad libitum. Wethers in the other 3 pens were offered a coarsely ground sorghum-sudangrass (Sorghum bicolor) hay diet (HD)
also at approximately 110% of consumption on previous days.
Wethers were weighed every 2 wk. At the end of wk 8, BW of HD wethers had not markedly changed from that at wk 0. Hence, a supplement of 33% soybean meal and 67% ground corn was given to HD wethers at 180 g/d (as fed basis) per wether in wk 9 and 10 and 240 g/d in wk 11 to 28. The supplement was offered after refusals were removed and was completely consumed. Hay was fed after supplement consumption.
Feedstuffs were sampled weekly. Samples were ground in a mill (Thomas-Wiley Laboratory Mill, Model 4, Thomas Scientific, Swedesboro, NJ) to pass a 1-mm screen and analyzed for DM, ash, CP (AOAC, 1990) , NDF, and ADF (filter bag technique; Ankom Technology Corp., Macedon, NY).
Slaughter Measures
Three wethers of each genotype-diet group (1 from each pen) were used for slaughter measures at wk 14 and 28 (6 wethers per breed-diet combination at each time, for a total of 48). Thus, there were 2 animals of each genotype per pen in wk 15 to 28. Age at slaughter was approximately 7.8 and 11 mo at wk 14 and 28, respectively.
On the morning before slaughter, wethers were weighed full or unslirunk and UCS was determined by a panel of 3 individuals, with 0.25-increments, as described by Ngwa et al. (20071) ). After a 24-11 period without feed or water, wethers were slaughtered via stunning with a captive bolt pistol and exsanguination. Blood was collected and weighed. The esophagus was ligated, and the head, hooves, and skin were removed and weighed. The rectum was ligated, and the entire alimentar y tract was removed and weighed before separation into corriponents (esophagus. reticulo-rumen, omasum. a.bomasum, small intestine, large intestine, and cecum) by ligation and cutting. Components were weighed with digesta, their after washing and blotting with paper towels. These determinations were made within 30 mm of exsanguination. Noncarcass or internal fat was the sum of visceral and perirenal depots. The carcass and noncarcass organs and tissues were expressed in grains and relative to empty BW (EBW), which was the sum of these components minus mass of digesta of the gastrointestinal tract (GIT).
Pools of weighed noncarcass components (blood, head, hide, organs, and fat) and the carcass were ground (model 801 Antogrinder, Autio Company, Astoria, OR) separately 3 times sequentially through each of 3 plates with different apertures (i.e., 10, 5, and 2 inni). After the final grind, the sample was hand-mixed and duplicate 250-g aliquots were collected and stored at -20°C. Samples were ground in the fresh form. Grinding occurred 30 to 90 min after exsanguination.
Carcass and noncarcass pool samples were analyzed for DM by lyophilization (model CRVP-195P Dura Stop, FTS Systems, Stone Ridge, NY). After drying, samples were dipped in liquid N 2 for about 2 mm and then re-ground in a blender (model C1316, Waring Commercial, Torrington. CT) and analyzed for CR ash (AOAC, 1990) , and fat. Fat was determined by AnkomT Extraction System (Ankomn Technology Corp.). Energy concentrations of 39.3 and 23.1 M,J/kg were assumed for fat and protein, respectively (ARC, 1980) . Composition of accreted tissue was based on full BW of animals at the time of slaughter and the composition of animals of the same breed or diet-breed grouping on a full BW basis at the preceding time of slaughter. To estimate tissue concentrations of ash, protein, fat, and water, the sum of mass of each constituent was estimated for the carcass and noncarcass tissue pools, rather than use of fresh rriass values for the carcass and noncarcass organs and tissues determined on the clay of slaughter.
Statistical Analyses
Data were analyzed as 2 x 2 or 2 x 2 x 2 factorial arrangements using the GLM procedure (SAS Inst. Inc., Cary, NC). Models consisted of main effects and all interactions. Animal was the experimental unit. All observations were used for ME, BW. BCS. arid ADG in wk 1 to 14. Thus, there were 12 wethers per diet x breed grouping in wk 1 to 14 and 6 in wk 15 to 28 and 1 to 28. There were 6 wethers for initial slaughter measures and 6 per diet x breed grouping at wk 14 and 28. Means were separated by least significant difference.
RESULTS

Diet Composition and DM1
The CD (Table 1 ) was slightly greater in CP than in a previous experiment (Ngwa ct al.. 2007a ). The sorghumn-sudangrass hay was moderate in CP concentration and relatively high in NDF compared with the CD. Breed and diet interacted in total DM1 (P < 0.01: Table 2 ). Intakes for HD were similar among genotypes (P> 0.05), but intakes for CD were greater for BS than for SP (P < 0.05).
BW, BCS, ADG, and G:F
Initial BW was slightly greater for BS vs. SP (P < 0.01), although BCS was similar (P = 0.17: Table 3 ).
Body weight at wk 14 and 28 and ADG in wk 1 to 14, 15 to 28, and 1 to 28 were similar between breeds with the HD (P> 0.05) and greater for BS than for SP with CD (P < 0.05). There was air between breed and diet (P = 0.02) in change in BCS in wk 1 to 14 similar to those in BW and ADG. However, during the entire 28-wk experiment, change in BCS was similar between breeds (P = 0.88) and greater for CD vs. HD (P <0.01). The G:F was greater for CD than for HD in wk 1 to 14 and 1 to 28 (P < 0.01), but was not influenced by diet in wk 15 to 28 (P = 0.54). Breed did not affect or interact with diet in G:F (P = 0.19).
Mass of Carcass and Noneareass Tissues and Organs
There were some differences between breeds in mass (kg) of internal organs and tissues at wk 0 (P < 0.05); however, values as % of EBW were similar between breeds (P > 0.05; Table 4 ). There were no interactions in mass of internal organs or tissues involving week of slaughter and breed (P > 0.05). There were, however, some interactions between diet and breed and between diet and week (P < 0.05). Thus, diet-breed and dietweek interaction means are provided in Table 5 .
Diet had numerous effects on mass as % of EBW (P < 0.05; Table 5 ). Mass of the carcass was greater and that of total noncarcass components was less for CD vs. HD (P < 0.01). Noncarcass components contributing to Means iii a row or diet x breed grouping without a common superscript letter differ (P < 0.05). 'CD = 50% concentrate, pelletized diet: MD = coarsely ground sorghum-sudangrass hay diet plus a supplement of 33% soybean nwal and 67% ground corn.
213$ = 3/1 Boer x 1/I Sp,o,ish: SP = Spanish.
'i, = 1 2 for wk I in II and 6 for wk 15 to 28 anmI 1 to 28.
these differences were blood, feet, head, kidneys, trachea, lungs, skin, reticulo-rumen, omasumn, ahomasums, small intestine, large intestine, and cecum (P < 0.01). Conversely, internal fat mass as % of EBW was considerably greater for CD than for HD (P < 0.01). There were trends (P = 0.07) for interactions between diet and breed in mass of the liver and components of the GIT; values were similar for 1-ID and slightly greater for BS vs. SP with CD. Carcass mass as percentage of EBW was greater and that of total noncarcass components was less at wk 28 vs. 14 (P < 0.01; Table 5 ). Noncarcass components contributing to this difference were blood, feet, head, kidneys, lungs, and liver (P < 0.01). There were interactions (P < 0.05) between diet and week in mass as percentage of EB\V of GIT components except for the cecurn. Mass of these tissues either did not differ between wk 14 and 28 with HD (P> 0.05) or the decline with advancing time was less than that with CD. Internal fat mass as percentage of EBW was much greater for CD vs. HD (P < 0.05), increased slightly from wk 14 to 28 with CD (P < 0.05), and did not differ with HD between wk 14 and 28 (P> 0.05).
Tissue Chemical Composition
Time only breed difference in initial tissue mass and composition was greater (P < 0.05) mass of protein in iioncarcass tissues for BS vs. SP, which contributed to a tendency (P = 0.08) for a similar difference in EBW (Table 6 ). There were no 3-way interactions involving diet. breed. and slaughter time, and breed x slaughter tilt interactions also were not observed (P > 0.05: Table 7 ). Diet affected (P < 0.05) nearl y all itieasures of carcass, noncarcass tissue, and empty body mass and composition. However, there were many diet x breed and diet x slaughter time interactions (P < 0.05).
These interactions resulted from similar mass of the carcass and noncarcass tissues between breeds with the HD (P> 0.05) but greater values for BS than for SP wethers with the CD (P < 0.05). The nature of interactions in mass between diet and slaughter time were similar. Values for the HD were similar between times (P> 0.05), whereas with the CD values were greater at 28 vs. 14 wk (P < 005).
There were no breed differences in composition of the carcass, noncarcass tissues, or the empty body (P > 0.05; Table 7 ). Although, there was a diet x breed interaction in protein concentration in noncarcass tissues and the empty body (P < 0.01); values were greatest for SP wethers consuming the HD (P < 0.05). There were interactions (P < 0.05) between diet and slaughter time for all composition measures except ash concentrations. Fat and energy concentrations were similar for the HD at 14 and 28 wk (P > 0.05), whereas with the CD values were greater at 28 vs. 14 wk (P < 0.05).
Protein concentrations in the carcass, noncarcass tissues, and empty body were greater for HD vs. CD (P <0.05), although for the carcass and empty body magnitudes of difference were greater for CD than for HD (interaction, P < 0.05).
Daily changes in tissue mass during the two 14-wk periods (Table 8 ) correspond closely to mass values determined at times of slaughter. There were no 3-way interactions (P > 0.05), although there were several interactions between breed tuid slaughter time (P < Means in a row or diet x breed grouping without a couunon superscript letter differ (P < 0.05). 'CD = 50% concentrate, pelletized diet.; HD = coarsel y ground sorgituin-sudangrass hay diet plus a supplcnient of 33/, so y bean meal and 67% ground corn.
2 B = 3/4 Boer x 1/4 Spanish: SP = Spanish. 'n = 12 for wk 1 to 14 and 6 for wk 15 to 28 and I to 28. 4 1-5. with I and 5 = extremely thin and obese. respectively.
0.05).
Only means for the concentration of energy in accreted tissue are shown in tabular form because unrealistic values (i.e., negative or greater than 100%) for some individual observations greatly affected treatment means for ash, protein, and fat. The concentration of energy iii accreted tissue was much greater (P < 0.05) for CD than for HD with both breeds.
DISCUSSION
ADG and Diet Quality
Greater ADG for BS than for SP with the CD agrees with most reports when diet quality is moderate to high (Sahlu et al., 2009) . The difference in the present experiment was in response to feed intake rather than G:F. Similar ADO for BS and SF with the HD is also in accordance with other research showing that with a low nutritional plane greater growth potential of BS is not exhibited, but there is not a penalty paid for this capacity. For example, Negcsse et al. (2007) rioted similar but not less ADC by Boer x Spanish and Spanish doelings consuming 2 relatively low quality diets and greater ADC for Boer x Spanish with 3 diets greater in quality. There are also other studies iii which performance has been greater for crossbreed Boer goats compared with other genotypes when diet quality was high and similar with low to moderate quality diets (e.g., Huston and Waldron. 1996: Roeder et al., 1997; Joemat et al.. 2004) . Regarding lactating animals, in an experiment with does nursing twin kids grazing grass/forb pastures with moderate to low availability and quality of forage, Yiakoulaki et al. (2007) found that crossbred Boer does with 3/4 Boer kids were superior to Spanish does rearing Boer x Spanish kids in the ability to support milk production for kid growth without incurring tissue mobilization or with increased BW.
Nonearcass Tissues and Organs
Gut and liver mass estimates suggest that greater growth potential of BS does not elicit greater energy use by splanchnic tissues (based on mass), unless diet quality is high. If diet quality is high, then energy use by splanchniic tissues is only slightly greater for BS vs. SP, and in fact, the difference would appear to he less than expected based on magnitudes of difference in DM1 and ADG. Similar gut and liver mass for BS and SP with the HD is supported by the recent report of Asmare et al. (2006) , in which energy expenditure by BS wetliers fed at approximately 60% of the maintenance energy requirement decreased to a similar magnitude as the energy intake restriction. Moreover, BS goats do not seem any more prone to internal fat deposition than SP goats when diet quality is high.
Body Composition
Body composition results of the present study agree with those of Cameron et al. (2001) in that carcass composition of growing Boer goats is similar to that of other meat goat genotypes, such as Spanish. Because concentrations of fat and energy in the carcass, noncarcass tissues, and the empty body of BS wethers consliming CD were not different from those of SP wethers, Body composition of growing meat goats it would appear that stage of maturity at the 28-wk slaughter time was not greatly different. It is anticipated, however, that with more rapid growth by BS vs. SP wet.hers in a longer feeding period, a point would be reached at which fat and energy concentrations in accreted tissues are greater for BS. With a low plane of nutrition, such as the HD of this study, tissue mass accretion by BS and SP wethers is similar. Hence, as determined by Luo et al. (2004) , the maintenance energy requirement of BS wethers is similar to that of SP wethers. Furthermore, if it is assumed that basal metabolic rate was less for the HD because of limited nutrient intake than for the CD, then the genotypes responded similarly in decreasing energy expenditure. Although the study of Asmare et al. (2006) did not include a breed comparison, 7/8 Boer x 1/8 Spanish wethers displayed appreciable capacity to lessen energy expenditure with restricted feed intake.
The amount of energy accreted by wethers consumilig I lii' Fif) was similarbetween wk 1 to 14 and 15 to 28, but specific tissue components being gained varied. Accretion by wethers consuming the HD in wk 15 to 28 was greater for water and fat and less for protein compared with wk 1 to 14. Low protein accretion of the empty body was primarily due to no accretion in noncarcass tissues. Protein accretion is energetically expensive and inefficient compared with fat, and protein turnover in noncarcass tissues such as the GIT and liver is high (Goetsch, 1998) . Thus, relatively low protein accretion for the HD in the second 14 wk of the experiment may have occurred to minimize energy expenditure.
There are currently no widely accepted means of predicting the composition of tissue accreted by growing meat goats. An equation presented by AFRC (1998) based on a small number of studies with dairy goat wethers is as follows: energy in BW gain, M.J/kg = 4.972 + (0.3274 x BW, kg). Applying this equation to diet x 14-wk feeding period means of the present experiment results in concentrations of 14.7. 20.3, 11.7 . (400404=
4-C --
.2 .4 = - Body conipositioll of growing meat goats 2923 and 12.9 MJ/kg for CD:wk 1 to 14, CD:wk 15 to 28, HD:wk ito 14. and HD:wk 15 to 28, respectively, which are not closely aligned with determined values of 17.0, 18.7, 16.3, and 6.4 MJ/kg, respectively. The correlation between energy concentration in empty body tissue gained and ADO was not significant, although mean BW within the feeding periods was related to energy concentration (r = 0.40). The equation for a regression of accreted tissue energy concentration (MJ/kg) against mean BW was 7.586 + (0.2302 x BW, kg). The effect of ADO when included in the regression was nonsignificant. Although the R 2 for this equation of 0.16 is not high, use of this equation seems preferable to a constant value such as 23.9 MT/kg (AFRC. 1998) or the equation of AFRC (1998) noted earlier. However, because diet x feeding period interaction means were similar except for the low value for HD:wk 15 to 28, a more appropriate method of predicting the energy concentration in tissue accreted by growing meat goats not subjected to a prolonged period of low nutrient intake may be to simpl y apply the average of CD:wk 1 to 14. CD:wk 15 to 28, and HD:wk 1 to 14 means (i.e., 17.3 MJ/kg). This value is similar to 17.7 MJ/kg of gain in EBW calculated from results of Beecle et al. (1985) for wethers of mixed dairy breeding fed diets approximately 50% in concentrate with a low or high OP concentration and with or without monensm for 194 to 256 d with relatively low ADO (i.e., 55 to 82 g).
In conclusion, growth advantages of growing Boer crossbred goats compared with Spanish realized with diets of higFi quality may not he accompanied b y differences in mass of organs or tissues other than relatively small ones for the liver and GIT in accordance with growth rate differences. There does not appear to be a cost or penalty paid for the high growth potential of growing crossbred Boer vs. Spanish goats in terms of metabolically active organs or tissues when the nutritional plane is low. Body composition of growing Boer and Spanish goats is fairly similar regardless of nutritional plane and growth rate. For growing meat goats, other than with a prolonged limited nutritional plane, an average energy concentration in accreted tissue is 17.3 MJ/kg.
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